The scheelite exploration target Messelingscharte (Eastern Tyrol, Austria) is located in vicinity of the world-class Felbertal tungsten deposit. W-(Sn) mineralisation occurs in Early Palaeozoic amphibolites (Basal Amphibolite unit) in the Tauern Window of the Eastern Alps. The most important mineralisation type is a Sn-bearing clinozoisite-scheelite skarn of preAlpine (Variscan?) age. It occurs as metre-sized irregular pods within amphibolites and amphibole schists. It is composed of major clinozoisite, quartz, plagioclase and scheelite with minor and accessory titanite, calcite and chlorite. Bulk chemical analyses reveal high concentrations of the granitophile elements W (≤7.74 wt% WO 3 ), Sn (≤1254 ppm SnO 2 ), Be (≤41 ppm) and base metals (Cu, Pb, Zn; ∑ ≤ 2500 ppm) in the skarn rock. Three scheelite types are distinguished based on micro-textures, zoning, Mo-content and UV-fluorescence. They show intriguing similarities to scheelite from the Felbertal tungsten deposit where pre-Alpine Mo-bearing scheelite was apparently overprinted by two stages of metamorphism. The unique feature of the investigated W-(Sn) skarn is the association of scheelite with Sn-bearing silicates. Stanniferous clinozoisite and stanniferous titanite were identified as the main Sn carriers (clinozoisite ≤3.00 wt% SnO 2 ; titanite ≤6.48 wt% SnO 2 ); both minerals evidence metamorphic re-crystallisation. Substitution of (Al, Fe) 3+ by (Sn, Ti) 4+ in clinozoisite is coupled with incorporation of Fe
Introduction
A multitude of scheelite occurrences were discovered in the 1960s to 1980s in the Eastern Alps including the Felbertal scheelite deposit, which nowadays is one of the largest tungsten producers outside China (annual production 2016 1200 t WO 3 ). This exceptional deposit is hosted in Early Palaeozoic metamorphic sequences, mainly in metabasites of the central Tauern Window, which were intruded by numerous granites during the Variscan orogeny (~340-290 Ma) and subsequently metamorphosed during the Alpine orogeny (~30 Ma). Since its discovery in 1967, the ideas on the genesis of Felbertal changed dramatically. Whereas in the early days the deposit was interpreted as a syngenetic stratiform / strata-bound scheelite deposit (Höll 1975) there is now convincing evidence that it is related to c. 340 Ma Variscan granites (Kozlik et al. 2016; Raith et al. 2011; Raith and Stein 2006) .
In 2015, Wolfram Bergbau und Hütten AG (WBH AG), the company operating the Felbertal mine, decided to re-explore scheelite showings at Messelingscharte (located about 8 km to the south of Felbertal) in the course of a regional exploration program. Messelingscharte was initially discovered in the 1960s and explored in the 1970s but after the discovery of Felbertal, it was never explored and studied in detail. As shown in this paper the main mineralisation is a Sn-bearing scheelite skarn, which was not identified correctly in the 1960s. The particular feature is that Sn is hosted in Casilicates and not in cassiterite.
This study presents mineralogical data on scheelite and stanniferous silicates together with bulk geochemical data. It will be demonstrated that the mineralisation at Messelingscharte is unique in the Eastern Alps and cannot be compared with other known scheelite occurrences in the region. Mineralised systems containing Sn in addition to W are extremely rare in the Eastern Alps; e.g., only traces of Sn are found in the Felbertal deposit and Sn is lacking in all other scheelite occurrences in the Eastern Alps. Stanniferous silicates are known from magmatic skarn deposits, but there are very few comparable examples to Messelingscharte documented in the international literature.
Geological setting
The study area is located in the central Tauern Window in the Eastern Alps (Fig. 1) where the pre-Alpine European basement with its Late Carboniferous to Mesozoic sedimentary cover and Penninic oceanic units is exposed over an area of about 6500 km 2 . The rocks comprise metamorphosed Cambro-Ordovician basement units, Permo-Carboniferous granite intrusions and post-Variscan cover units derived from the distal European margin (Subpenninic units) as well as Mesozoic allochthonous Penninic units from the Penninic ocean and Austroalpine units (Schmid et al. 2013) . A prominent tectonic feature in the Tauern Window is the Venediger Duplex, a folded stack of several tectonic nappes formed during the subduction and collision stage of the Alpine orogeny (Frisch 1977; Lammerer and Weger 1998; Schmid et al. 2013) .
In the central Tauern Window, several Variscan metagranitoids (e.g., Granatspitz gneiss, Felbertauern augengneiss), pre-Variscan to Variscan metamorphic units (Basal Amphibolite, Habach Complex) , as well as postVariscan Permo-Mesozoic cover and oceanic sequences are exposed (Fig. 1) . They all belong to the Subpenninic and Penninic units of the Eastern Alps (Schmid et al. 2004 (Schmid et al. , 2013 . The Granatspitz Gneiss is a peraluminous S-type meta-granite forming a dome structure ( Fig. 1) with an area of 100 km 2 . Ages of 314 ± 1 Ma (Kebede et al. 2005 ), 314 ± 18 Ma (Kozlik et al. 2016) , and even as young as 271 ± 4 Ma have been reported for this metagranite. The former intrusive contact with the overlying Basal Amphibolite unit is largely tectonically reworked (Frank 1969) .
The Basal Amphibolite (Basisamphibolit) unit comprises banded amphibolites and meta-gabbros showing (enriched) MORB-like geochemical signatures typical of back-arc magmas (Frisch and Raab 1987; Vavra and Frisch 1989; Höck 1993; Ordosch 2017) . The protolith age is debated; conventional U-Pb zircon ages of 657 + 14/−15 Ma and a Sm-Nd age of 664 ± 12 Ma were reported for a banded amphibolite (von Quadt 1992) ; a metagabbro yielded a U-Pb zircon age of 539 + 10/−9 Ma, which roughly coincides with the U-Pb SHRIMP age of 551 ± 9 Ma reported for a hornblendeplagioclase gneiss (Eichhorn et al. 2001) . In contrast, Kebede et al. (2005) published much younger in situ U-Pb zircon ages of 351-343 Ma for the Basal Amphibolite and therefore grouped it with the Variscan basement series in the Tauern Window. In this paper, it is assigned to the preVariscan basement units (Fig. 1) . The overlying metavolcano-sedimentary sequence is referred to as the Basal Schist (Basisschiefer; synonymous Eiser sequence); it forms the basal unit of the Habach Complex (Höck 1993) . The Basal Schist unit includes metasediments (micaschist, paragneiss, graphitic quartzite, metaconglomerate) and mafic to felsic metavolcanics, possibly formed in a continental arc setting (Fuchs 1959; Pestal et al. 2009; Schuster et al. 2006) . Detrital zircons from the Basal Schist yielded an U-Pb age of 362 ± 6 Ma (Kebede et al. 2005) and it has therefore been reinterpreted as a Lower Carboniferous metamorphosed flysch sequence (Draxel Complex, Pestal et al. 2009; Schuster et al. 2006) .
The Habach Complex represents the largest area of PreMesozoic volcano-sedimentary basement rocks in the central Tauern Window (Frasl 1958; Höll 1975; Höck 1993) . In the area around Messelingscharte it is in tectonic contact with the underlying Basal Amphibolite; further to the north (e.g., at the Felbertal scheelite mine) its base is formed by the Basal Schist. There, the contact was interpreted controversially; either as unconformable sedimentary (e.g., Höck 1993) or tectonic, i.e., as a major Alpine thrust fault .
The poly-metamorphic Habach Complex consists of various pre-Variscan meta-igneous rocks, clastic metasediments and Variscan meta-granitoids (Eichhorn et al. 2001; Höck 1993) . It is subdivided (from bottom to top) into the Lower Magmatic Series, Upper Magmatic Series and the Habach Phyllite (Fig. 1; Höck 1993; Höll 1975; Höll and Eichhorn 2000; Kraiger 1989; Pestal et al. 2009 ). The Lower Magmatic Series is a dismembered meta-ophiolite; it consists of amphibolites, metagabbros, meta-ultramafic rocks (hornblendite, serpentinite) and minor metasediments of Cambrian to Ordovician age. Felsic orthogneisses within this sequence derived from Early Cambrian I-type granitoids (Eichhorn et al. 1995) . Moreover, it hosts the world-class Felbertal tungsten deposit . The deposit consists of a metamorphosed stockwork of deformed quartzscheelite veins, mineralised shear zones with strongly foliated quartz-scheelite ores and disseminated scheelite mineralisation in the host rocks (Raith et al. 2018; Raith and Schmidt 2010) . The Upper Magmatic Series is an i s l a n d ( ? ) a r c s e q u e n c e i n c l u d i n g v a r i o u s Kozlik and Raith (2017) metamorphosed basic to acidic calc-alkaline volcanic rocks (Höck 1993) grading into the Habach phyllites. U-Pb dating of detrital zircons revealed that it is part of the Variscan basement (Kebede et al. 2005; Pestal et al. 2009 ).
Analytical methods
The whole rock major and trace element concentrations were determined for six skarn and 23 host rock (Basal Amphibolite) samples. Between 5 and 10 kg of rock were crushed in a jaw crusher and a disc mill (<4 mm) at WBH AG laboratories in Mittersill. Each sample was split using a riffle splitter into representative subsamples (~300 g). One subsample was milled to a grain size <63 μm using a vibrating cup mill with agate grinding set. The powder was homogenised and 40 g were taken for chemical analysis.
Whole rock analysis was performed by Bureau Veritas Minerals Laboratories (BVML), Vancouver Office (Canada) (analytical package LF202). The package includes eleven major oxides and Sc determined by solution inductively coupled plasma -atomic emission spectrometry (ICP-AES). Samples were dissolved using lithium borate fusion and dilute acid digestion with hot aqua regia. Additionally, 45 trace elements were analysed by solution inductively coupled plasma -mass spectrometry (ICP-MS). Loss on ignition (LOI) was determined gravimetrically after sintering at 1000°C. Concentrations of total carbon and sulphur were analysed with a Leco analyser.
X-ray diffraction analysis was performed at the laboratories of WBH AG. A D4 Endeavour Bruker instrument was used equipped with a Cu cathode and a LynxEye, 1D-detector. The acceleration voltage was 35 kV with a current of 45 mA. The step size was 0.2°(2 s time interval) with 2 Theta measured from 5 to 90°. Quantitative analysis was performed with the Bruker software TOPAS.
X-ray fluorescence (XRF) analysis of W was carried out using a Bruker S4 Pioneer instrument with a Rh cathode at the laboratories of WBH AG. The acceleration voltage was 60 kV with a current of 50 mA. A flow counter was used to resolve the signal. Three different lab-internal calibrations were used to cover the wide ranges of WO 3 content: BPRESS 0-0.2%, EPRESS 0.2-3%, PRESS 3-18%.
Mineral chemical compositions were analysed with the JEOL JXA 8200 superprobe of Universitätszentrum Angewandte Geowissenschaften (UZAG) Steiermark installed at the Chai r of Resource Mineralogy, Montanuniversität Leoben, equipped with four wavelengthdispersive spectrometers (WDS). The beam diameter was set in focused mode to a diameter of around 1 μm. Data were corrected for matrix effects by the ZAF-method. Conditions for scheelite and titanite analyses were 20 kV acceleration voltage and 10 nA beam current; for clinozoisite 15 kV and 10 nA were used. The following standards and lines were used for scheelite: apatite (Ca Kα), W metal (W Lα), PtSn alloy (Sn Lα), strontianite (Sr Lα) and Mo metal (Mo Lα); for clinozoisite albite (Na Kα), diopside (Si Kα, Ca Kα), rhodonite (Mn Kα), F-phlogopite (F Kα, Mg Kα), magnetite (Fe Kα), sanidine (K Kα, Al Kα), PtSn alloy (Sn Lα) and benitoite (Ti Kα); for titanite F-phlogopite (F Kα), REE glass (Al Kα), rhodonite (Fe Kα), zircon (Zr Lα, Si Kα), pure Ta (Ta Lα), rutile (Ti Kα), Nb metal (Nb Lα), W metal (W Lα), wollastonite (Ca Kα) and PtSn alloy (Sn Lα). Mineral abbreviations are according to Whitney and Evans (2010) .
Results

Scheelite mineralisation
Scheelite skarn
Scheelite predominantly occurs in a massive, non-foliated clinozoisite-rich calcic skarn (Fig. 2a, b) and greenish, tightly foliated amphibole schists within amphibolites of the Basal Amphibolite unit. The skarn rocks are hosted in partly strongly foliated amphibolites. They occur as irregular rounded pods/nests up to 2.0 × 1.5 m in size. The skarn rock shows a non-oriented grano-to nematoblastic fabric.
The skarn rock is composed of clinozoisite (50%), quartz (20%), plagioclase (15%), scheelite (6%), calcite (5%) (modal compositions determined by XRD) with minor to accessory chlorite, titanite, apatite, zircon, pyrite and chalcopyrite. Two types of clinozoisite can be distinguished (Fig. 3a, b) . Clinozoisite 1 is coarse-grained forming prismatic to irregular subhedral crystals. The assemblage is stanniferous clinozoisite + scheelite + stanniferous titanite + quartz + plagioclase + calcite. Clinozoisite 2 is finer-grained and occurs in the assemblage clinozoisite + chlorite + quartz ± calcite; it often forms euhedral crystals inter-grown with quartz showing mosaic texture indicative of metamorphic re-crystallisation (Fig. 3b) . Transitions of Clinozoisite 1 to Clinozoisite 2 are also documented. Plagioclase and quartz are fine-to very coarsegrained. Chlorite and calcite fill the interstitial space between clinozoisite. Titanite is fine-to medium-grained forming euhedral (sphenoidal) to anhedral, granular textured grains. Euhedral titanite is very common at the contact of the skarn rock with amphibole schist and is overgrown by Clinozoisite 2.
The scheelite is of variable grain size and shows blue to yellow fluorescence colours in shortwave UV light; about 10-20% of the scheelite grains are pale to intense yellow under UV light. Larger scheelite crystals (up to 6.5 cm) may show undulose extinction and optical zoning. Normally, the core of larger scheelite crystals is yellow fluorescent surrounded by a blue rim (Fig. 2b) .
Amphibole schist forming thin (cm) irregular, discontinuous layers is commonly associated with the skarn, especially at the contact with the host amphibolite. The dark-green amphibole schist is strongly foliated and composed of mediumgrained hornblende (50%), quartz (30%) and biotite (20%). Accessory minerals are pyrite, apatite, scheelite, chlorite and titanite.
Quartz-scheelite veins
Scheelite was also found in deformed quartz veins/veinlets and stringers hosted in foliated amphibolite 150-200 m to the west of Messelingscharte. The deformed thin veins (up to 6 cm, commonly between 2 and 4 cm) may show pinchand-swell structures and though they become rotated into the foliation with increasing deformation, they are clearly discordant to the main penetrative foliation (Fig. 4) . Scheelite in these veins is up to 8 mm in size. The fluorescence colour of smaller scheelite crystals is pale blue. Larger scheelite crystals commonly show yellowish cores surrounded by blue rims.
Scheelite in mylonitic quartz-amphibolite layers
This type of scheelite mineralisation occurs in a topographic depression about 100 m to the west of Messelingscharte. The 100 m × 50 m mineralised area terminates sharply to the north due to the topography but it could continue to the south underneath Messelingkogel peak. The whole mineralised rock package has a thickness of about 5-10 m. It is characterised by strongly deformed layers of vein quartz that have a thickness of 1-50 cm and are hosted by fine-to coarse-grained foliated amphibolite with intercalated lenses of hornblende fels. The quartz layers are aligned in the main foliation and show a mylonitic fabric. They likely represent strongly deformed and re-crystallised quartz veins. Disseminated scheelite occurs along the strongly foliated contact between quartz and amphibolite. Only sparse, fine-grained, blue fluorescent scheelite was found.
Whole rock chemistry of skarn rocks
Results of major and trace element analyses of six skarn samples are listed in ( Table 1 ). The concentrations of SiO 2 , Al 2 O 3 and K 2 O correlate negatively with WO 3 (R 2 > 0.7). The CaO content displays a positive correlation with W (R 2 = 0.87). As will be outlined below, the skarn formed by interaction of fluids with the metabasite host rocks. Thus, the chemical composition of the calc-silicate rocks was normalised to MORB and is also compared to the host amphibolites of the Basal Amphibolite ( Fig. 5a ; Table 1 ). Large ion lithophile elements (Cs, Rb, Ba, K, Sr), P and Eu are (strongly) enriched in the calc-silicate rocks compared to MORB whereas the high-field strength (HFS) elements Ti, Ta, ±Nb, Hf, Zr and Ni are generally depleted. When compared to the host amphibolite the latter elements, however, show strong negative spikes in the spidergram. Thorium values scatter strongly. Other elements like the REE + Y and Cr in the skarn show a similar average concentration to MORB but show larger scatter than the amphibolites.
The normalised REE patterns of the skarn rock display a large variation of the REE concentrations (∑REE between 41 and 90 ppm) (Fig. 5b) . The patterns show low LREE/HREE values ((La/Yb) N = 0.2-2.5; median = 0.8), decreasing or increasing trend from La to Sm, strong positive Eu anomalies (Eu/Eu* = Eu N /√Sm N* Gd N = 1.7-4.7; median = 2.0) and increasing HREE from Gd to Lu. When compared to the amphibolite host rock the strong depletion in LREE, the pronounced positive Eu anomaly and the increase in HREE are obvious (Fig. 5b) . The strong positive Eu anomalies and the good correlation of Eu with Sr (R 2 = 0.77) indicate that Eu is present as a divalent cation.
To assess relative element gains and losses during skarn formation the calc-silicate rocks have also been normalised to the average values of the hosting amphibolite (for complete data set see Ordosch 2017) . Some selected elements showing the strongest deviations are illustrated in Fig. 6 . For elements with values below the limit of detection in the host amphibolite, the halved detection limit was used for normalisation. In addition to W, which is enriched by a factor of 10 4 , Sn, Be, Bi and U show statistically significant enrichments whereas Ti, Zr, Hf and Mg are depleted by a factor 10 (Fig.  6 ). The average Zr content in the amphibolite at Messelingscharte is about~145 ppm whereas the skarn rock contains only about~24 ppm. Hafnium is also depleted although the Zr/Hf ratio does not change significantly (amphibolite~40, skarn~35). The titanium content in the skarn is also notably lower compared to the host rock (amphibolite 1.41 wt% TiO 2 , skarn 0.27 wt% TiO 2 ). Some samples show erratic high concentrations of Cu and Mo (e.g., 03-17; Table 1 ). Regarding main components, only Ca shows a slight enrichment; most other main components are slightly depleted (e.g. Fe).
Mineral chemistry
Scheelite
In scheelite Ca, W, Mo, Sr and Sn were analysed in two skarn samples (03-17′, 05-03) by EMPA. As scheelite is cathodoluminescence (CL) sensitive, CL images were also made ( Fig. 7) . Molybdenum is the only detectable trace element; it shows a systematic variation (Table 2 ). Strontium and tin are generally below the detection limit. The major elements Ca and W show limited variation; e.g., CaO = 20.2 ± 0.24 wt%.
Three types of scheelite can be distinguished based on UV fluorescence colour, micro-texture as revealed by CL brightness (EMPA) and MoO 3 content (Fig. 7 , Table 2 ). Type 1 scheelite is Mo-bearing with yellow fluorescence colour forming the core of larger scheelite grains. Oscillatory growth Fig. 4 Scheelite-quartz veins (up to~3 cm thick) in strongly foliated amphibolite. In UV-light scheelite in the main vein shows a polyphase formation with a yellow fluorescent euhedral core surrounded by a blue rim. Sketch (inset) is redrawn from photograph for clarity zoning is typical (Fig. 7) . MoO 3 contents are up to 1.73 wt%. Blue fluorescent Type 2 scheelite commonly forms overgrowths around older scheelite (Fig. 2b) . It contains less Mo (average MoO 3 = 0.304 wt%) and the CL images reveal an irregular internal structure. Locally, vague "relict" oscillatory zoning is preserved in Type 2 scheelite (Fig. 7a) . It incorporates tiny (10-100 μm) inclusions of molybdenite. As there is a compositional gap in MoO 3 content at 0.6-0.8 wt% a threshold value of 0.75 wt% MoO 3 has been used for discrimination between scheelite Types 1 and 2. Type 3 scheelite is characterised by the lowest Mo contents. The average MoO 3 content is 0.06 wt%, but often it is below the detection limit.
Type 3 scheelite forms overgrowths on and fills micro-cracks in earlier formed scheelite. No zoning has been observed. Scheelite 3 shows blue fluorescence in UV light.
Clinozoisite
Clinozoisite was analysed in five skarn samples (03-18, 04-12, 05-03, 06-02, 06-03; Table 3 ). Elements analysed were Na, K, Mg, Ca, Mn, Fe, Al, Si, Ti, Sn and F. Special consideration was given to Sn because clinozoisite was identified as the main carrier of this element by qualitative EDS analyses. Pearce et al. 1981 in Bevins et al. 1984 . b Chondrite normalised REE patterns; chondrite values from Boynton (1984) . In both diagrams, the compositional range of the amphibolite host rock (shaded) is shown for comparison (data from Ordosch 2017) Ordosch (2017) Qualitative scans for REE using wavelength-dispersive spectrometry (WDS) resulted in no detectable REE concentrations.
Clinozoisite is characterised by an average Al/Fe 3+ (apfu) ratio of 4.4 (range: 2.5-9.9) and exceptionally high Sn contents reaching up to 3.00 wt% SnO 2 (Fig. 8 , Table 3 ; Frei et al. 2004 , Armbruster et al. 2006 ) but an analytical problem for the Ca deficit cannot be excluded.
The petrographic distinction of two types of clinozoisite is confirmed by the mineral chemical data. The first type (Clinozoisite 1) comprising coarsegrained, irregular grains is rich in Sn and often shows an irregular intra-grain "zoning" based on Sn/Ti distribution. High Sn/Ti domains normally occur in the relict centre of grains that are incompletely replaced or overgrown by low-Sn clinozoisite (Fig. 8) . The vague zoning comprises zones with straight, as well as irregular patchy domain boundaries. Locally, Snpoor clinozoisite (Clinozoisite 2) forms overgrowths/ rims around Clinozoisite 1 or alternates with it, locally with sharp contacts (Fig. 8a, b) . Often no welldefined growth zoning is present, likely because of subsequent in-situ replacement or re-crystallisation of Clinozoisite 1 and its transformation into metamorphic Clinozoisite 2. Clinozoisite 2 also forms distinct euhedral, small crystals that clearly represent newly formed metamorphic grains (Fig. 8c) . These grains are Sn-poor/free and there is no internal chemical zoning visible.
Clinozoisite also displays two populations with respect to its Sn concentrations. The low-Sn population is characterised by ≤0.3 wt% SnO 2 (=0.01 apfu Sn; typical values 0-0.1 wt%). It incorporates all Clinozoisite 2 grains and several Sn-poor/free measurements of Clinozoisite 1. The high-Sn population reaches values of 3.00 wt% SnO 2 (=0.094 apfu; From crystal chemical considerations it is assumed that Sn 4+ and Ti 4+ are incorporated at the octahedral sites of clinozoisite/epidote where they may substitute for (Al, Fe) 3+ at the M3 site (Frei et al. 2004; Armbruster et al. 2006 
Because the valence of iron cannot be determined with EMPA, Fe 2+ was calculated using a modified approach described for clinozosite/epidote in van Marcke de Lummen (1986) . A more general approach for silicates and oxides is presented in Droop (1987) . It is assumed that there are three Si atoms per formula unit and the other cations per formula unit sum up to five a p f u i n t h e i d e a l c l i n o z o i s i t e f o r m u l a (Ca 2 Al 3 (Si 2 O 7 )(SiO 4 )O(OH)) (eq. 2).
Moreover, charge balance has to be maintained (eq. 3). The coefficients represent the assumed charge for the cation.
Subtraction of (eq. 1) from (eq. 2) results in (eq. 4). significantly contributes to the charge balance because the Mn and Mg concentrations are mostly negligible. The recalculated clinozoisite analyses show a striking fit to the ideal substitution (1) (Fig. 9) . The calculated regression line has a slope of −0.51 (ideally −0.50) and the fit of the data is 0.94. Therefore, it is obvious that Fig. 8 a- Step size is about 15 μm. The SnO 2 content correlates with the brightness in the BSE image divalent cations are not substituting significantly for Ca on the A1-A2 site in clinozoisite.
Titanite
Titanite was analysed in two samples (03-18, 05-03). The measured elements were Ca, Ti, Si, Al, Fe, F, Sn, Zr, Nb, Ta and W. Mineral formulae were calculated on the basis of 1 Si atom and OH using the computer program of Ulmer (1993) ( Table 4) .
In backscatter electron images titanite shows patchy irregular internal zoning (Fig. 11a, c, d ). Occasionally, 1-3 μm roundish micro-inclusions of cassiterite and zircon are observed (Fig. 11a) . Accumulations of euhedral titanite grains typically occur at the contact between the amphibolite schist and the skarn. In a few titanite aggregates inclusions of rutile and ilmenite are preserved (Fig. 11b) . The patchy zoning is defined by element variations between relatively Sn-Al-richer and Ti-Fericher intra-grain domains (Fig. 11c, d ). Comparable irregular patchy zoning has been reported from zircons from high-grade metamorphic rocks (Corfu et al. 2003) . Formation of this type of zoning in zircon has been explained by metasomatic processes and fluid interaction during metamorphism or hydrothermal overprint of older zircon material; it is interpreted as a disequilibrium texture. A similar intra-grain process is envisaged for titanite at Messelingscharte. Older Snrich titanite transforms to Sn-poor titanite in the presence of a metamorphic fluid.
Titanite has a very variable content of SnO 2 ranging from 0.07 to 6.48 wt% (median 2.29 wt%; Table 4 ). This corresponds to 0.01-0.09 apfu Sn (median 0.03 apfu). Statistically only one population of titanite can be identified in the data set. Titanite shows a complete solid solution with malayaite [CaSnSiO 4 (O,OH,F)] above 600°C according to the following substitution mechanism (Takenouchi 1971) :
The F concentrations of titanite range between 0.5-1.6 wt% (median = 1.1 wt%; 0.12 apfu). The CaO values vary only slightly with an average of 26.54 wt% (=0.97 apfu). Ca has to be 1 apfu in the ideal formula of titanite. Our results are <1 apfu Ca falling short by~0.03 apfu. One possibility for the deficiency in Ca could be incorporation of REE in the Ca position. However, qualitative WDS analysis of Sn-poor and Sn-rich portions of titanite resulted in no detectable REE. An alternative explanation for Ca deficiency could be the substitution Ca 2+ ⇔ 2H + (Hollabaugh and Rosenberg 1983) . Substitution of F in titanite has been proposed according to the following substitution (Ribbe 1982; Sahama 1946 ): The titanites analysed show a good negative correlation of F with Ti (Fig. 10a) . Aluminium and iron are the main substituents for Ti (+Sn) (Fig. 10b) confirming substitution (6). The slope of the calculated regression line is −0.99 (ideally −1.00) which indicates that titanium and all the other substituting cations (Fe, Al, Sn) follow a 1:1 trend as postulated by substitution (6). Oberti et al. (1991) classified titanite into high-aluminous x Al > 0.25 and low-aluminous x Al < 0.25 ones (x Al = Al / (Al + Fe + Ti). Here, a modified calculation of x Al = Al / (Al + Fe + Sn + Ti) is used to include Sn. Values of x Al for Messelingscharte titanites range from 0.075-0.236 with a median of 0.125; i.e. all titanites are classified as low-Al titanites.
The substitution of Ti by Sn (substitution (5)) is coupled with preferred incorporation of Fe 3+ over Al 3+ as can be seen from wavelength-dispersive (WDS) element mappings (Fig. 11 c, d ). Incorporation of Sn 4+ limits incorporation of Al 3+ + (F,OH) − (Groat et al. 1985; Higgins and Ribbe 1976; Kunz et al. 1997; Oberti et al. 1991) .
Discussion
Polyphase formation of scheelite and clinozoisite
One key question is the genetic relationship of the W-(Sn) mineralisation at Messelingscharte to the nearby Felbertal tungsten deposit, which is a major global tungsten mine outside China (Raith et al. 2018 ). Here we discuss how the scheelite types from Messelingscharte are comparable to the scheelite "stages" reported from the Felbertal deposit ( Type 2 scheelite at Messelingscharte containing less Mo (scheelite: powellite 99.4: 0.6) formed by incomplete metamorphic replacement and re-crystallisation of Type 1 scheelite. It caused partial obliteration of the oscillatory zoning inherited from Type 1 scheelite (Fig. 12 ) and the formation of tiny molybdenite inclusions due to breakdown of Mobearing Type 1 scheelite. Moreover, undulose extinction of larger scheelite grains/aggregates records deformation and incomplete re-crystallisation of scheelite. Hence, we interpret Type 2 scheelite as a first stage of metamorphic overprint of unclear age although Mo-poor scheelite is also common in oxidised skarns (Meinert et al. 2005) and is commonly formed during the late skarn stage (e.g., King Island, Kwak and Tan 1981). Tentatively Type 2 could be correlated with metamorphic Stage 3 scheelite at Felbertal that formed during breakdown of older Mo-richer scheelite stages (Raith and Stein 2006) . Type 3 scheelite (scheelite: powellite 99.9: 0.1) at Messelingscharte is also the product of metamorphic re-crystallisation and in situ replacement of older Mobearing by Mo-poor scheelite. It is best compared with metamorphic Stage 3 scheelite from Felbertal, which has been interpreted as metamorphic scheelite of Variscan age (Eichhorn et al. 1997; Raith and Stein 2006) . Considering the geological context, the dominant metamorphic overprint at Messelingscharte is, however, thought to be Alpine; hence, regarding its age Type 3 scheelite from Messelingscharte would be comparable with Stage 4 at Felbertal. This apparent discrepancy can be resolved if we consider that the grade of Alpine regional metamorphism is increasing towards south from greenschist facies at Felbertal to amphibolite facies conditions at Messelingscharte (Hoernes and Friedrichsen 1974) ; at Felbertal the maximum metamorphic grade was reached during the Variscan orogeny.
Petrographic observations as well as mineral chemical data indicate that, similar to scheelite, clinozoisite records a polyphase formation. Stanniferous Clinozoisite 1 is considered to belong to the primary hydrothermal mineral assemblage together with Type 1 scheelite and stanniferous titanite. As discussed below the high contents of Sn and Ti exclude its metamorphic formation. Clinozoisite 2 is the product of partly incomplete metamorphic replacement and re-crystallisation of Clinozoisite 1. It is noteworthy that metamorphism dispersed Sn resulting in lower Sn content of Clinozoisite 2. Because the latter occurs in mutual grain contact (i.e., equilibrium) with re-crystallised quartz and Type 3 scheelite we think it formed during Alpine (c. 30 Ma) Barrovian type regional metamorphism in the Tauern Window (Frank et al. 1987) .
Comparison with other occurrences
Stanniferous clinozoisite
As documented in this study, clinozoisite from Messelingscharte incorporates higher quantities of Sn 4+ Table 5 Comparison and tentative correlation of scheelite at Messelingscharte (this study) with scheelite stages at Felbertal tungsten deposit. Data for scheelite from Felbertal compiled from Höll and Eichhorn (2000) Raith et al. (2011) Raith and Stein (2006) Eichhorn et al. (1997) and Ti 4+ . A maximum Sn-content of 3.00 wt% SnO 2 (=0.094 apfu) was measured, which is the highest value ever recorded in the literature to the knowledge of the authors. A literature review revealed that there are only a few other occurrences of Sn-bearing clinozoisite/ epidote worldwide (Table 6 ). Sn-bearing clinozoisite/ epidote was reported from massive skarns and skarn veins in Cornwall, UK (Alderton and Jackson 1978; van Marcke de Lummen 1986) , Cassiar district, British Columbia, Canada (Mulligan and Jambor 1968) and Baja, California (Myer 1965) . In addition to Snbearing clinozoisite/epidote, garnet, pyroxene, amphibole and titanite are the other major Sn-carriers in these occurrences.
Tin-bearing calc-silicate bodies and veins were described from the St. Just aureole in the Land's End granite, Cornwall (Alderton and Jackson 1978) . There, the host rocks are contact-metamorphosed basaltic plagioclase-amphibole hornfelses with interbedded banded amphibolites or banded garnet-magnetite calc-silicate rocks. The irregular-shaped discordant calc-silicate bodies and veins are composed of Ca-rich garnet, diopside, hornblende, epidote, ± axinite, ± tourmaline, ± accessory calcite, quartz, titanite and sulphides.
Tin-bearing epidote was documented from the Chycornish Carn skarn vein composed of major epidote/clinozoisite, hornblende, axinite, tourmaline and accessory titanite etc. Cassiterite is absent in all these calc-silicate veins and the Sn carriers are silicates (Table 5 ). Alteration selvages with coarsegrained green amphibolite are developed at the contact to hornblende hornfels (Alderton and Jackson 1978) . The calcsilicate veins are high in Ca, Sn and Be and are crosscut by younger tin-copper lodes. The skarn veins were therefore interpreted as high-temperature (c. 500°C) metasomatic rocks predating Cu-Sn mineralisation in the lodes. An external; i.e. granitic, source of elements like Sn and Be has been envisaged.
Sn-bearing clinozoisite with up to 2.84 wt% SnO 2 was described from The Crowns, also in the contact aureole of the Land's End granite. There, it is part of the retrograde skarn assemblage including stanniferous Stanniferous epidote has also been reported from Fe-rich pyroxenite skarns in the Cassiar district, British Columbia, Canada. These tin skarns belong to a mineralised belt with several Be, Sn, W and Mo occurrences that are spatially linked with granite batholiths in the Western Cordillera. The main constituents are Sn-bearing clinopyroxene, amphibole, epidote, garnet, calcite, quartz and accessory titanite; tin is incorporated in andradite, malayaite, epidote and amphibole (Table 6 ; Mulligan and Jambor 1968; Scribner et al. 2017) .
Interestingly, at none of these localities scheelite has been reported as part of the Sn-bearing assemblage. Cassiterite was only observed at The Crowns. Stannite is seldom reported from Sn skarns (e.g. Mt. Lindsay, Eadington and Kinealy 1983) and is also absent at Messelingscharte. Hence, in addition to clinozoisite/epidote, Ca garnet, amphibole and especially titanite and malayaite are the Sn carriers in these skarns.
All these reported skarns are connected to granite-related magmatic hydrothermal systems. It is therefore tempting to postulate a similar genesis for Messelingscharte although there are no geological indications for a contact metamorphic aureole at Messelingscharte. However, it must be kept in mind that the Cornish Sn-(W) granites with contact aureoles are post-orogenic whereas in the central Tauern Window preAlpine W-(Sn) mineralisation has been affected by the Alpine tectonics and metamorphism. Thus, the Alpine orogeny could have blurred many of the primary features.
Stanniferous titanite in skarns
Tin-bearing titanite from Messelingscharte (≤6.48 wt% SnO 2 ; ≤0.089 apfu Sn) is well comparable with titanite from tungsten and tin skarns regarding mineral assemblages and Sn content (Table 7 , e.g., Aleksandrov and Troneva 2007; Che et al. 2013; Plimer 1984; Xie et al. 2008) .
For example, scheelite is associated with stanniferous titanite in a hedenbergite-quartz skarn vein at Písek, Czech Republic (Cempírek et al. 2008) . They described Nband Sn bearing titanite showing a very similar type of patchy intra-grain texture such as the one at Messelingscharte (Fig. 11) , which can be interpreted as a fluid-induced dissolution-re-precipitation texture. Moreover, titanite from scheelite-bearing skarns in British Columbia in general contains high but variable Sn, W and Nb concentrations and occurs in common skarn assemblages with clinopyroxene, garnet, calcite, quartz, scheelite etc. (Che et al. 2013) .
Sn-free titanite is a common accessory mineral of various non-skarn rocks in the Tauern Window. It was reported from high-pressure calcareous rocks in the Eclogite Zone of the Tauern Window (Franz and Spear 1985) . There, titanite is high-Al (x(Al) = 0.11-0.47) and F-rich (≤5.4 wt% F); i.e., Al contents overlap with Messelingscharte but F and Sn concentrations are clearly different to titanite from Messelingscharte. Two types of titanite were also reported from the Felbertal scheelite deposit. Titanites low in F and Al 2 O 3 with distinct growth zoning are interpreted as magmatic, whereas those higher in F and Al 2 O 3 and showing patchy replacement structures were interpreted as hydrothermal (Kozlik and Raith 2013) . Both types do not incorporate Sn and are therefore different from titanite from Messelingscharte.
Origin of skarn rocks
Processes of skarn formation
Calc-silicate rocks, often collectively referred to as skarns, can form in different geologic environments by various processes (e.g., Meinert 1993) . These can be subdivided broadly into Chen et al. (1992) isochemical (except for devolatilisation) and allochemical ones.
Isochemical formation of calc-silicate rocks (calc-silicate hornfels) is controlled by internal fluid buffering and is typical for regional and contact metamorphism of impure carbonate rocks (e.g., Central Alps, Trommsdorff 1966) . Local fluid exchange at the contacts between shales and limestones and differences in the chemical potential of contrasting lithologies cause formation of reaction skarns, small-scale calc-silicate bands or zoned nodules (e.g., Joesten 1974; Thompson 1975) . These can show striking similarity to infiltration skarns (Einaudi et al. 1981 ).
This ambiguity is especially true for scheelite-bearing calcsilicate rocks. In addition to magmatic tungsten skarns that are the main resource of tungsten (Meinert et al. 2005) there are smaller sub-economic tungsten deposits hosted in regional metamorphic calc-silicate rocks unrelated to granites. They were classified as stratiform/strata-bound scheelite deposits with W concentrated by exhalative-hydrothermal or evaporitic fluids (Broken Hill Block, NSW, Australia, Plimer 1980; Plimer 1994; Austroalpine Crystalline Complex, Austria, Raith 1991; Bindal area, Norway, Skaarup 1974) ; often they are associated with tourmalinites (Plimer 1987; Raith 1988) . The calc-silicate rocks at Messelingscharte are not hosted by marble or other calcareous metasediments but by metabasites; tourmalinites are missing. The skarn-like rock forms irregular pods but not laterally continuous two-dimensional stratiform or strata-bound ore bodies. There are no metasomatic reaction zones between the skarn and host rocks. Thus, syngenetic/ syndiagenetic models for W enrichment by exhalative or evaporitic ore fluids are excluded for Messelingscharte.
Another type of calc-silicate rocks are rodingites that are known from the Tauern Window (Dietrich et al. 1986; Koller and Richter 1983) . These are metasomatic rocks composed of (hydro)grossular, clinopyroxene, vesuvianite etc. formed by interaction of fluids with meta-ultramafic rocks and metabasites during serpentinisation and/or regional metamorphism (Barriga and Fyfe 1983) . In the Tauern Window, they were interpreted as a product of metamorphic fluids interacting with metabasites during Variscan and Alpine regional metamorphism (Koller and Richter 1983) . Regarding the geology there are similarities of Messelingscharte skarn rocks to the rodingites although the calc-silicate mineralogy is markedly different; i.e., grossular + clinopyroxene vs. predominance of clinozoisite. Moreover, blackwall zones common in rodingites are not developed at Messelingscharte.
A third type of calc-silicate rock known in the Tauern Window is metamorphic zoisite and clinozoisite segregations occurring in metabasites of the Basal Amphibolite unit (Brunsmann et al. 2000) . These are comparable to Messelingscharte in regard to the geological setting and mineralogy. But these metamorphic segregations are clearly distinguished by their texture and trace element composition; e.g., they lack W, Sn, Be and show totally different REE patterns (e.g. very high (La/Yb) N , weakly positive Eu anomaly; see Fig. 5 in Brunsmann et al. 2000) . Skarn rocks of Messelingscharte are characterised by pronounced positive Eu-anomalies and low LREE/HREE values ((La/Yb) N~0 .8).
The vast majority of W mineralised calc-silicate rocks are magmatic tungsten skarns. They form by infiltration and reaction of external fluids predominantly of magmatichydrothermal origin with Ca-rich lithologies. Tungsten and tin skarns are spatially connected with evolved granites commonly forming proximal calcic exoskarns but can also form more distally along faults and major shear zones. Magmatic tungsten skarns such as Cantung, Canada, or King Island, Australia, are typically associated with evolved granites (Meinert 1993) . Some Sn-W-F-Be skarns show elevated concentrations of Be and F with magnetite and fluorite becoming important skarn minerals and Sn being incorporated in Plimer (1984) silicates (titanite, garnet, amphibole, ilvaite) during the laterof stanniferous titanite. Higher fluorine contents have also been reported from the Felbertal scheelite deposit (Kozlik and Raith 2013; Kozlik and Raith 2017) although they are much lower than those of highly fractionated rare metal granites and pegmatites associated with Sn, W, Li, Ta mineralisation (e.g., Badanina et al. 2006; Förster et al. 1999) , or of Sn, W, Be, F skarn and greisen deposits (Aleksandrov 2010; Audetat et al. 2000; Kwak and Askins 1981) . In summary, the trace element chemistry strongly supports the model of a granitic provenance of the mineralising fluids.
Conclusions
(1) Mineralisation styles at Messelingscharte tungsten exploration target include an unusual stanniferous clinozoisite-scheelite skarn hosted in metabasites, a deformed quartz stockwork and mylonitic quartz-scheelite veins. Scheelite and the skarn minerals clinozoisite and titanite record a polyphase formation and regional metamorphic overprint. The different types of scheelite allow correlation with the nearby Felbertal scheelite deposit. Messelingscharte can be seen as part of a larger W mineralising magmatic system related to Early Carboniferous granitic intrusions in the central Tauern Window that also resulted in formation of the worldclass Felbertal scheelite deposit.
